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Abstract
Family interventions in anorexia nervosa (AN) have been developed to ameliorate maladaptive patterns of patient-carer interaction that can play a role in illness maintenance. The primary aim of this study is to examine the inter-relationship between baseline and post-treatment distress in dyads of carers and patients with AN in order to examine the interdependence between carers and patients. A secondary aim is to examine whether a carer skills intervention (Experienced Carer Helping Others; ECHO) impacts on this inter-relationship. Dyads consisting of treatment-seeking adolescents with AN and their primary carer (n=149; mostly mothers) were randomised to receive a carer skills intervention (ECHO) in addition to treatment as usual (TAU), or TAU alone, as part of a larger clinical trial. Carers and patients completed a standardised measure of psychological distress (The Depression, Anxiety, and Stress Scale) at baseline and 12-months post-treatment. The Actor Partner Interdependence Model was used to examine longitudinal changes in interdependence by treatment group. As expected, post-treatment levels of distress were related to baseline levels in both groups (actor effects). Moreover, carer distress at 12 months was related to patient distress at baseline for the TAU (partner effects), but not for the ECHO group. Finally, neither patients’ nor carers’ distress changeat baseline was not a significant predictor of patients’ BMI atchange Time 1 in the two treatment conditions. These findings are limited to predominantly mother-offspring dyads and may not generalise to other relationships. The ECHO intervention which is designed to teach carers skills in illness management and emotion regulation may be an effective addition to TAU for ameliorating interdependence of distress in patients and their primary carers over time.  
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Introduction
Adolescent anorexia nervosa (AN) is a serious psychiatric disorder [1] characterized by high morbidity and mortality rates, and the prognosis is improved with early intervention [2]. The evidence base concerning treatment for adolescents with AN indicates that involving the family is a key factor [3]. Family based therapy has been studied most extensively [3]; it focuses on engaging the parents to manage the eating behaviour [4]. Most research using family based treatment has only measured patient outcomes and the impact on carers is unknown. However there has been a call for  considering the the needs of carers alongside the needs of patients, so called  ”carer proofing” [5].
Caring for an individual with an eating disorder is burdensome [56] and is associated with distress and a reduction in quality of life [76].  The caregiving role can be "helpful" as exemplified in family  based therapy but "less helpful, "vicious" circles of interaction can develop whereby high expressed emotion (criticism, hostility, and over protection) and the tendency to collude with the illness by accommodating to and/or  enabling eating disorders symptoms and division within the family serve to maintain the illness, as described in the cognitive interpersonal model  [87]. The core features of this model are that there are predisposing factors such as obsessive compulsive features and anxious avoidance (particularly of close relationships) which increase the vulnerability to AN and that these contribute also to the maintenance of the disorder because they foster pro anorexia nervosa beliefs and behaviours [98]. Moreover, set shifting and social communication difficulties may  be familial vulnerability traits and so have a wider effect by causing a maladaptive response by family members. The core features of this model were that there were predisposing factors such as obsessive compulsive features and anxious avoidance (particularly of close relationships) increased the vulnerability to AN and that these contributed also to the maintenance of the disorder because they fostered pro anorexia nervosa beliefs and behaviours [8]. Moreover, set shifting and social communication difficulties are familial vulnerability traits and so have a wider effect by causing a maladaptive response by family members. These less helpful forms of behaviours are often associated with high levels of distress and anxiety in both the patient and the parent [109]. A recent systematic review indicated that parent distress and burden can be reduced by interventions for parents [110]. However, not all of these interventions have targeted these "less helpful "vicious" circles of interaction.
The carer skills intervention (Experienced Carers Helping Others; ECHO) was specifically developed  [121] to target the interpersonal  relationship patterns developed in the cognitive interpersonal model. One facet of the model is based on the premise of emotional contagion within families whereby observing the emotional expressions of another person causes an automatic tendency to share the person’s experiences [132]. Carers are therefore taught emotional regulation strategies so that they do not mirror the distress in their offspring (a potentially "less helpful" interaction which escalates distress in the family). Carers are also taught how to reduce their own emotionally-driven behaviours such as overprotection and/or criticism and accommodation. There have, as yet, been no longitudinal studies that have examined whether this intervention does impact on  the inter-relationship between parent’s’ (or primary caregivers) distress and their offspring’s distress with AN distress and Body Mass Index (BMI).


Most studies about family involvement in the management of people with eating disorders have assessed changes in psychological distress of parents and/or patients. These approaches evaluate how the members of the dyads (patients and parents) change individually, but they do not capture if and how the dyads’ inter-relationship may have changed. To date, no studies have examined changes in mutual interdependence. This study uses the Actor–Partner Interdependence Model (APIM) [143] as a method for identifying relational changes. The APIM is ideal for examining a relational phenomenon between two interdependent individuals because it treats the dyad (instead of the individual carer or patient) as the unit of analysis [154]. This model has been used to examine mutual collaboration or influence by modeling the impact of one dyad member's ratings on the other member's ratings (partner effects) while accounting for the interdependent nature of their relationship. Furthermore, it has been used in a variety of settings, including those where there is chronic illness in one family member, for example, spouses with chronic heart failure [165, 176], children with asthma [187], cystic fibrosis [198], and elderly parents [2019]. 
r distres.

The aim of this study was to examine the relationship over time between distress levels in  both primary carer and the eating disorder patient distress levels, and also to examine the impact of baseline patients’ Body Mass Index (BMI), age, duration  of illness and ageBMI on carer and patients distress  over time . These variables were included as covariates in the APIM, as previous research suggests that they are related to the distress experienced by patients with eating disorders and their carers [11, 21]. A supplementary aim was to examine Moreover, a second aim was to examine whether  the  addition ECHO intervention impacted on this interaction. Finally, we examined whether ,
Aa supplementary aim was to examine the relationship between carers’ and patients’ change on distress levels change over the course of treatment impacts on one one hand, and patients’ outcome in terms of BMI change on the other hand. was to examine whether  the  addition ECHO intervention impacted  on this interaction 

 and whether this interaction could be improved with the augmentation of the ECHO intervention. Moreover, patients’ Body Mass Index (BMI) duration of illness were included as important covariates in the APIM, as previous according to research suggests which had shown that these variables are related to the distress experienced by patients with eating disorders and their carers [10, 20].
Hypothesis 1: Actor effects. We hypothesized that carers’ initial distress would be positively related to their distress at the end of treatment in both the two treatment conditions; and that patients’ initial distress will be positively related to their distress at the end of treatment in both the two treatment conditions.
Hypothesis 2: Partner effects. We predicted that, in the treatment as usual (TAU) condition, patients’ distress at baseline would predict carers’ distress at after 12 monthstime 1; whereas, for the carers given the ECHO intervention, no such relationship would be found. This is because one of the skills taught in the ECHO intervention was emotional regulation and a calm caregiving style; and therefore the partner effect would be ameliorated. We expected no an association between the carers’ distress and the patients’ distress after 12 monthst time 1 in the ECHO condition, given the preliminary knowledge of the influence of carer’s pre-treatment distress on AN patient’s distress [221]. 
Hypothesis 3: Finally, regarding patients’ outcome in terms of BMI change, e secondwe expected an association between both patient’s and carer’s distress change over the course of treatmentECHO intervention and patient’s outcome change. This is because the collaborative care model focuses on reducing carer’s distress and anxiety as they can trigger expressed emotion and accommodating behaviors, which in turn maintain patient’s symptoms. On the other hand, patients who improve on their distress level are more likely to report better outcome in terms of BMI.

Methods
Design and Participants
This longitudinal study was a part of a multi-site randomized controlled trial examining the effect of a carer skills intervention (Experienced Carers Helping Others; ECHO) on the outcome of adolescents newly referred for specialist outpatient treatment for AN (Trial registration: ISRCTN83003225) [221]. Thirty-eight eating disorder outpatient services across the UK recruited patients (n=149) and up to three of their carers (n=2256) for the study. Carers were identified as by the patient and needed to be currently living with the patient with the intention of living together for the following year. “Carers” are defined by criteria of the Princess Royal Trust (www.carers.org) as someone who provides unpaid help and support to a parent, child partner, relative, friend or neighbour. Carers also described themselves as primary or secondary. Definition of primary and secondary carer in the self-report questionnaire is referred to the level of dependence by the patient and number of hours of contact (i.e. primary carer might be the person who spends the most time with the patient or is the person who is called upon first; a secondary carer may be someone who is still very involved but maybe does not spend quite as much time with the patient or perhaps sees them less frequently).
The collaborating sites included 17 Child and Adolescent Mental Health Services (CAMHS), 13 Adult Mental Health Services and eight offering both CAMHS and Adult teams. All sites were managed within the National Health Service (NHS) and are listed in the acknowledgements section. Ethics approval was granted by the Northwick Park Hospitals Ethics Committee (11/H0725/4). Site specific ethics and governance approval was granted on all participating sites and this study adopted by the Clinical Research Network. 
Consenting carers of patients aged 12-21 years with a primary diagnosis of AN or atypical AN, according to ICD-10 criteria [24] were randomly allocated to receive TAU or TAU in addition to ECHO. For the purposes of the present study, all patients randomized to the clinical trial and their primary carers only (n = 149 carer/patient dyads, typically mother/offspring dyads), were included in the analysis. Participants were grouped according to the type of treatment they received: 49 dyads received the ECHO intervention, 50 dyads also received carer coaching (ECHOc; see treatment section), whereas 50 dyads received TAU alone.
Procedure
Following consent families were randomised to ECHO treatment or TAU. The ECHO materials and coaching were delivered from the research hub. There was no further interaction between the research hub and the contributing clinical sites where usual care was delivered. Follow up assessments included computerised self-report instruments and structured, blinded to allocation, interviews for both carer and patients.
Intervention 
Treatment as usual 
The National Institute of Health and Clinical Excellence (NICE) guidelines have one grade B and several Grade C recommendations for the treatment of AN in adolescents and young adults [25]. Accordingly, most people with AN and atypical presentations should be managed on an outpatient basis with psychological treatment and physical monitoring provided by a health care professional competent to administer care and assess physical risk. NICE recommends this combination of treatment for at least six months’ duration, with more intensive forms of treatment to be considered in cases of significant deterioration, non-improvement or in cases of physical risk. Weight restoration in an outpatient setting should aim for an average weekly weight gain of 0.5 kg and for adolescents, family interventions that directly address the eating disorder should be offered (grade B). Furthermore, when treating adolescents, NICE guidelines endorse family involvement because of the effects of AN on other family members. 
As would be expected for a pragmatic trial in EDs, TAU varied to some degree across the 38 collaborating sites included in the present study. However, TAU accessed by patients in the present study sample was comparable between the two treatment groups (TAU alone vs TAU+ECHO intervention) as would be expected as the patients were randomized by site . and confirmed by finding no significant differences in tests of group comparison using Mann-Whitney U tests. During the 6-month period from ED outpatient referral, 80.59% of patients received some form of individual therapy (TAU=82%, ECHO=80%), 23.5% of the sample received family therapy (TAU=24%; ECHO=23%), and 33% received dietician counselling (TAU=22%; ECHO=38%).  A further 44% of patients also reported visiting their General Practitioner during this time for reasons related to their ED (TAU=48%; ECHO=41%), 11% reported using self-help or telephone helplines (TAU=14%; ECHO=9%) and 34% of the patient sample also reported use of other services, such as the community psychiatric nurse, crisis intervention team, or occupational therapy (TAU=34%; ECHO=41%). During this 6-month period following outpatient referral, 21.5% of patients (TAU=18%; ECHO=23%,) were admitted to inpatient ED/general psychiatric services, 9% entered a daypatient ED programme (TAU=12%; ECHO=7%), and 15% accessed General Hospital (e.g. Emergency) services for medical reasons related to the ED (TAU=20%; ECHO=13%). Moreover, carers were asked about their use of services for individual reason(s) besides to accompany their relative (i.e. because of direct or indirect consequence of caring activities ED related). During the 6-month period from ED outpatient referral, 13.4% of carers reported visiting their General Practitioner during this time for individual reasons ED related (TAU=16%; ECHO=12.1%), 10.1% reported using self-help or telephone helplines (TAU=10%; ECHO=10.1%) and 3.4% of the carers also reported use of other services, such as the community psychiatric nurse, group therapy, or dietician (TAU=2%; ECHO=4%).
Carer skills intervention (Experienced Carers Helping Others; ECHO).  
ECHO uses a skills training approach and consists of a book [121] and five DVDs (three theoretical, two practical). The DVDs complement the information presented in the book with role plays and practical examples. The information on the DVDs is presented visually with audio voiceover. Moreover, 50.5% (n=50) of the ECHO sample (n=99) also received carer coaching (ECHOc). The ECHOc package included 5 telephone coaching sessions per individual. Participants were contacted by the coach within two weeks of receiving the material by post. Calls were made on a regular basis with time in between (e.g. two weeks) for carers to practice the skills. The time taken to complete calls varied between families depending on individual circumstances. The expectation was that telephone calls lasted up to 40 minutes with a minimum of five calls (per family) to have completed the intervention [26]. The content of the intervention has been summarised [27] and includes teaching carers emotional self-management, how to restrain their own emotionally driven behaviours (high expressed emotion, including emotional over-involvement, and accommodating and enabling behaviours) and communication skills (the basic principles of motivational interviewing). 
Measures
Carers and patients provided standard demographic (age, ethnicity, marital/employment status, years in education) and clinical information (illness duration, diagnosis, height and weight) by self-report as part of the baseline assessment of the larger trial. Patient diagnosis and height and weight information were validated by clinicians at the treating site. Both Body Mass Index (BMI) and age standardised weight-for-height percentage, using Great Ormond Street Hospital for Children criteria, version 4.22 UK, were calculated for each patient. Furthermore, the AN-severity index (AN-TSI) of the Short Evaluation of Eating Disorders (SEED) [28] measure was used for the assessment of the severity of AN symptoms.
The Depression, Anxiety, and Stress Scale (DASS-21) [29, 30] was used as an overall assessment measure of psychological distress in patients and carers at baseline (pre-treatment) and 12-month follow-up (post-treatment). The DASS is a 21-item measure assessing depression, anxiety, and stress over the past 7 days using a 4-point Likert Scale. Only the total score was considered in this study. This instrument has good psychometric qualities (Cronbach’s alpha = .87 - .94) [31] and has good internal consistency in the present study (DASS at T0: Cronbach’s  = .94 and .94 for patients and carers, respectively; DASS at T1: Cronbach’s  = .96 and .95, for patients and carers, respectively).
Statistical Analyses
Data were acquired from questionnaires collected from both patients and carers at two time periods: T0 (baseline assessment, prior to treatment) and T1 (following one year of treatment). Descriptive statistics (mean and standard deviations) were examined. Assumptions for parametric data were evaluated and no positive skewed distributions were found. Paired samples t-tests were conducted on patients and carers’ DASS to examine differences between T0 and T1 assessments. 
The APIM model tested in this study is displayed in Figure 1. Mplus software version 6.12 was used to test the model. Missing values (1.3% both for patients and carers’ DASS at T0; 20%, 26.2%, 18.8% for carers and patients’ DASS at T1 and patients’ BMI at T1, respectively) were handled with FIML, a direct model-based method for estimating parameters in the presence of missing data. Because the path model examined is identified (saturated) there is a perfect fit, so no model fitting statistics are showed. There are four variables in this longitudinal APIM model: two outcome variables (carers’ and patients’ distress at T1) and two independent (carers’ and patients’ distress at T0) that are expected to predict the outcome variables. Moreover, three additional patient variables (patients’ BMI, duration of illness and age at T0) are also included in the model as independent variables. Carers’ and patients’ distress at T0 are based on the same measurement instruments as the outcome variables, but measured at an earlier point in time (baseline assessment, prior to treatment).
Using regression language to describe the relationships depicted in the figure there are five actor effects (a measure of a person’s own characteristics predicts his or her outcome): (a) the effect of the carers’ distress at T0 on their own distress at T1, (b) the effect of the patients’ distress at T0 on their own distress at T1, (c) the effect of the patients’ BMI at T0 on their own distress at T1, (d) the effect of the patients’ duration of illness at T0 on their own distress at T1, and e) the effect of the patients’ age at T0 on their own distress at T1. Actor effects are represented in Figure 1 by the four paths labelled a. There are also five partner effects (a measure of interdependence, i.e. the extent to which a person’s outcome is predicted by his or her partner’s earlier characteristics): (a) the effect of the carers’ distress at T0 on their children’s distress at T1, (b) the effect of the patients’ distress at T0 on their carers’ distress at T1, (c) the effect of the patients’ BMI at T0 on their carers’ distress at T1, (d) the effect of the patients’ duration of illness at T0 on their carers’ distress at T1, and e) the effect of the patients’ age at T0 on their carers’ distress at T1. Partner effects are represented in Figure 1 by the paths labelled b. The APIM also models ten within dyad correlations (specified by the double-headed arrow in figure 1: the relationships between carers’ and patients’ distress, BMI, duration of illness and age at baselineT0 and the relationship between carers’ and patients’ Time 1 scores after 12 months.
Finally, changes in patients’ BMI and distress and carers’ distress over the course of treatment were calculated by regressing baseline variables over 12 months variables and a second model was tested. There are three variables in this longitudinal model: anone outcome variables (patients’ BMI change during the course of treatment) and two independent variables (carers’ and patients’ distress change during the course of treatment) that are expected to predict the outcome variable. Moreover, two additional patient variables (patients’ duration of illness and age at T0) wereare also included in the model as independent variables. In this model, there are three actor effects: (a) the effect of the patients’ distress change on their own BMI change, (b) the effect of the patients’ duration of illness at T0 on their own BMI change, and (c) the effect of the patients’ age at T0 on their own BMI change. There is also one partner effect: (a) the effect of the carers’ distress change on their children’s BMI change. The model also tested also six correlations: the relationships between carers’ and patients’ distress change, duration of illness and age.
;

Results
Baseline Characteristics of Patient–carer Dyads
In the total sample, the patients were adolescents (average age 16.6 years) with a short duration of illness (average duration 22 months). The average BMI was 16.8 kg/m2 (age-adjusted weight-for-height 83%) and 75% fulfilled the criteria for ICD-10 AN and 25% for atypical AN (n = 21 with restrictive food intake and n = 16 with binge eating and/or purging behaviors). The majority (93%) of the carers were mothers, of whom 74% were married and 30% were in full time employment. Other carers included fathers (5%), siblings (1%), and grandparent (1%). The clinical and socio-demographic characteristics, differentiated between ECHO and TAU groups are shown in Table 1.
Carer and Patient Distress at baseline and 12 months follow up
No differences were found between ECHO and ECHOc groups on BMI (t = .031, p = .975), duration of illness (t = -.062, p = .951) and levels of distress at baseline (for carers, ECHO: M (ds) = 34.62 (24.26), ECHOc: M (ds) = 34.50 (29.50), t = .023, p = .981; for patients, ECHO: M (ds) = 62.98 (29.35), ECHOc: M (ds) = 62.05 (32.56), t = .386, p = .882) and 12 months follow up (for carers, ECHO: M (ds) = 32.73 (26.85), ECHOc: M (ds) = 30.89 (22.28), t = .331, p = .742; for patients, ECHO:  M (ds) = 51.85 (33.43), ECHOc: M (ds) = 47.51 (30.18), t =.595, p = .554), so in the current study we compared the ECHO (N=99) with the TAU condition (N=50).
The means and standard deviations for all of the variables examined in this study, separated for ECHO and TAU groups, are displayed in Table 2. The ECHO and TAU groups did not significantly differ (data not shown in the table) on level of distress (t = 1.83, p = .07 and t  = -1.41, p = .16, for patients and carers, respectively), BMI (t = .481, p = .63) and duration of illness (t= .159, p =.87) at baseline. Patients had extremely severe levels of distress at baseline (mean 67 (30)) and carers had moderate levels (mean 32 (28)). Patients’ distress decreased over time in both the ECHO and TAU groups. 
Carers in the ECHO group had a small decrease in DASS scores at T1 whereas in the TAU group there was a small increase in DASS.
Actor–Partner Interdependence Model (APIM) Analyses
Actor Effects
The results of APIM approach are displayed in Table 3. For the TAU group, patient and carer’s distress, patients’ BMI, duration of illness and age at baseline accounted for 41% and 27% of the variance in carer and patient’s distress at T1, respectively. For the TAU group, there were significant actor effects for both patients and carers. Specifically, carers’ distress at baseline was a significant predictor of their own distress after 12 monthst Time 1 and patients’ distress at Time 0baseline was a significant predictor of their own distress after 12 monthst Time 1 . Neither patients’ BMI nor duration of illness and age were significant predictors of their own distress at 12 monthsTime 1 .
For the ECHO group, patient and carer’s distress, BMI, duration of illness and age at baseline accounted for 24% and 31% of the variance in carer and patient’s distress after 12 monthst T1, respectively. For the ECHO group, there were significant actor effects for both patients and carers. Specifically, carers’ distress at baseline was a significant predictor of their own distress after 12 monthst Time 1  and patient’s distress at baselineTime 0 was a significant predictor of their own distress after 12 monthst Time 1 . Moreover, duration of illness was a nearly significant predictor of patients’ distress at 12 monthsTime 1 , whereas no relationship was found between patients’ BMI and age and their own distress at 12 monthsTime 1 .
Partner Effects 
The results of partner effects from APIM approach are displayed in Table 3. In the TAU group there was a significant partner effect between patient’s distress at baseline and carer’s distress at 12 monthsTime 1 . Neither patients’ BMI nor duration of illness and age were significant predictor of carers’ distress at 12 monthsTime 1. In the ECHO group there were no partner effects for carers and patients.
Actor and Partner Effects on patients’ BMI change over the course of treatment
 Carer’s and patient’s change variables accounted for 17% and 19% of the variance in patient’s BMI change infor the TAU and ECHO groups, respectively. For the TAU group, neither patients’ nor carers’ distress change over the course of treatment, duration of illness and patients’ age were significant predictors of patients’ BMI change. For the ECHO group, only patients’ distress change was a significant predictor of their own BMI change during the course of treatment (b(β) = -4.315 (-.349), SE = 1.593, t = -2.709, p < .01). Carers’ distress change, duration of illness and patients’ age were not significant predictors of patients’ BMI change.
Peresat ,’sPNeither patients’ nor carers’ distress at baseline was a significant predictor of patients’ BMI at Time 1 in the two treatment conditions

Discussion 
The aim of this study was to examine the relationship over time between distress levels in both primary carer and the eating disorder patient, and also to examine the impact of baseline patients’ BMI, duration of illness and age on carer and patients distress over time. The aim of this study was to examine the relationship over time between the primary caregiver’s (typically mother) distress and that of the person with AN for whom they care (typically offspring). 
Include covariates aim here??
A secondary aim was to examine whether this interaction could be improved (i.e. reduce distress inter-dependence) with treatment augmented with ECHO. 
Both the carers’ and patients’ actor effect hypotheses were supported, in that we found that carers’ initial distress was positively related to their distress at the end of treatment in both the treatment conditions; and patients’ initial distress was positively related to their distress at the end of treatment in both the treatment conditions. We also confirmed our second hypothesis in that we found that carers who received the ECHO treatment were less impacted by patients’ initial levels of distress (i.e. no partner effects were found), whereas there were partner effects for the TAU group, as carers’ levels of distress at one year were related to the patient's initial level of distress. Neither patients’ baseline BMI nor duration of illness and age were significant predictors of carers’ and patients’ distress after 12 months.

 These findings on actor effects seem are consistent with previous studies which showed the relationship between pre and post treatment carers’ distress [11] as well as the negative relationship between symptomatic distress at baseline and AN patients’ mental health after 6-12 month or at the end of treatment [32]. Interestingly, when we also examined the patients’ outcome in terms of BMI change, we found that patients who improved on their distress level were more likely to report a better outcome after 12 months in terms of BMI change, in the ECHO condition. 

Our findings are also in line with previous research which showed that carers of AN patients reported moderate levels of distress as measured with the DASS, especially for mothers [33]. We also confirmed our second hypothesis in that we found that carers who received the ECHO treatment were less impacted by patients’ initial levels of distress (i.e. no partner effects were found), whereas there were partner effects for the TAU group, as carers’ levels of distress at one year were related to the patient's initial level of distress. 
In the current study, tThe results on the partner effectsis suggests that the ECHO intervention, delivered in addition to TAU, might be effective in ameliorating interdependence of distress over time. These findings are in line with previous evidence of interdependence between family members in chronic illness. In one of the few studies which investigated the interdependence between mothers and fathers on unhelpful care-giving behaviors, and its impact on the outcome of AN patients [34], it was showed that patients' symptomatic distress was worse when both mother and father were high in accommodation. Also in a study of families with elderly relatives a partner effect was found, whereby caregiver's spirituality significantly influenced the elder's psychological well-being [2019]. Interestingly, the hypothesis regarding the impact of carers’ distress change on patients’ outcome (in terms of BMI) was not supported, suggesting that the dyad interdependence seems to play a role more for patients’ distress than for their BMI. Further research is needed to establish the complex interactions between carer’s pre-treatment distress and patient’s outcome, as suggested by the cognitive interpersonal model of AN. 
THowever, to our knowledge, this has been the first study which has examined the impact of an intervention targeting caregiving behaviours on these partner effects.  Future research needs to collect more dyadic data on the effects of patients interventions on carers and consider carers’ health outcomes as well as patients’ [5]. 
It is of note that the majority of studies in the literature regarding the efficacy of family-based treatment with adolescent AN patients have only focused on the patient’s outcome, without reporting data relating to the carers [210, 31, 35, 30]. Thus, we have very little evidence about the influence of the patient’s distress on carer’s outcome. Moreover, no previous study on the efficacy of family-based treatment modeled couple-related data. The findings of the current study are promising and seem to support the complex interactions between AN patients and carers which are described in the cognitive-interpersonal maintenance model of AN [89], but further evidence is needed on how interpersonal relationships become entangled with the eating disorder and what therapeutic strategy can be effective in reducing dysfunctional relationship patterns. Carers usually find their caregiving role as burdensome and distressing [33]. Our findings suggest that when carers received the ECHO intervention, which utilized a skills training approach with several strategies that have been identified as important for behaviour change [36], they were less influenced by their children’s depression, anxiety and stress. 
The strengths of the study described in this paper include the use of a sample with high external validity and the use of the APIM model, which is specifically designed to test associations between correlated constructs from two members of a dyad. Despite such strengths, various limitations must be considered when interpreting the results of this study. We have only considered the interaction effect between the primary carer (predominantly mothers) and patient (typically offspring). Although up to three carers were invited to participate in the overall clinical trial, including fathers for 47% of patients, there were insufficient data to analyse other dyadic relationships. However, it would also be interesting to examine partner effects for fathers as they have an important impact. Furthermore, the patients included in this present study predominantly have a short illness course and a moderate severity. Therefore, these findings may be limited in the extent to which they can be generalized to patients with duration of illness longer than two years. . Moreover, as inclusion criteria for the larger clinical trial required at least one carer to also participate, the present sample might be biased towards a sample with parents and other carers more actively involved in their care. It is also worth note that the measure of baseline and post-treatment distress is a short 21-items screening tool with a Likert scale and a global evaluation of distress is considered for this study. Limitations of the Likert scale are well known and future studies should use different diagnostic measures to deeper understand which specific aspects of patients’ and carers’ distress are more affected by the ECHO intervention. A limitation of the study design is the heterogeneity in TAU provision across treatment centres, given that patients and families can vary in their level of engagement in treatment programmes.  It is interesting that Moreover, only 24% of participants in the TAU reported having re ceived family therapy   as family therapy/involvement was   recommended for adolescents in since the NICE guidelines recommended family therapy. The use of TAU as a comparison condition in a controlled trial presents several strengths as well as challenges and limitations [37], including the huge variability of what TAU encompasses. Further research is needed to compare the findings of the ECHO condition with a more structured family-based intervention and to evaluate possible treatment type (e.g. individual or family therapy or hospitalization rate) and distress interaction. Finally, in the current study we adopted the APIM approach to study the effect of predictors on individual’s distress in both members of the couple (patient and caregivers). Further research should address how the couple as a whole copes with stressors and illness and the Common fate model could be an appropriate analytic model for this goal, as suggested by Lederman & Kenny [38].
Clinical implications
The findings from the current study have clinical implications. Despite previous research highlightinged the impact that living with anorexia nervosa has on multiple aspects of family functioning [11, 39], only a few studies examined how the dyads’ inter-relationship have changed and looked for “@carer proof ““ effects. These findings suggest that tpartner effects on distress suggest that the emotional regulation skills taught in the ECHO intervention had a beneficial effect in terms of breaking the unhelpful cycle of maintenance in which carers mirror the distress in their affected relative, which in turn leads to more distress in the patient, and other maladaptive caregiver responses (e.g. high levels of expressed emotion). Our findings showed that carers of AN patients report moderate/high levels of distress. This  and highlightsed the need toof developing specific interventions to address their suffering.  The current results are promising in validating family treatments based on the cognitive interpersonal maintenance model of AN, as it suggests that a specific intervention targeting one of the maintaining factors (i.e., accommodating and enabling behaviors, high expressed emotions) can reduce carer’s distress [98]. Other family interventions that share skills in emotion regulation within an interpersonal context may also provide similar benefit.  Finally, the finding that neither the patient’s BMI nor the duration of illness was a predictor of carer’s distress after one year, highlighted the need to assess patient’s distress alongside BMI when working with family caregivers, given its potential negative influence on carer’s distress. 
Conclusion
Our findings suggest that Actor–Partner Interdependence Model of Analyses can be a useful method of examining the processes involved in family interventions. In the TAU group we found interdependence of distress between patients and primary carers (mostly mothers) over time. However, this mutual influence was not seen in the ECHO group. This suggests that skills taught in the ECHO intervention were having a positive effect in terms of breaking a positive feedback effect, whereby carers mirror the distress in their offspring which, in turn, leads to more distress in the patient, as theorized in the interpersonal component of the cognitive interpersonal maintenance model of AN.
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Table 1. Demographic and clinical characteristics of the sample.
	ECHO group(n = 99)		TAU group(n = 50)
	Mean (SD)/N (%)		Mean (SD)/N(%)
Patient 			
Age	16.90 (2.17)		16.86 (2.06)
Female : Male 	89 (90): 10 (10)		48 (96): 2 (4)
Ethnicity   White British/Other White   Asian/Asian British/Other Asian   Mixed White and Black African/Caribbean   Missing	93 (94)2 (2)3 (3)1 (1)		47 (94)3 (6)00
BMI on admission (kg/m²)	16.78 (2.33)		16.97 (2.03)
Weight for Height %	82.23 (11.88)		84.10 (10.16)
Primary diagnosis			
   Anorexia nervosa	71 (72)		41 (82)
   Atypical anorexia nervosa	28 (28)		9 (18)
Severity of AN symptoms (SEED AN-TSI)	1.85 (.61)		1.90 (.55)
Illness duration (months)	22.14 (22.39)		22.76 (22.57)
Primary Carers			
Age	48.17 (5.78)		48.52 (4.92)
Female : Male	92 (93): 7 (7)		50 (100): 0 (0)
Carer type   Mother   Father   Grandmother   Sibling	90 (91)7 (7)1 (1)1 (1)		49 (98)001 (2)
# years in education	15.18 (2.71)		15.98 (5.03)
Employment status   Full time   Part time   Unemployed / retired / sick leave / student   Other	34 (34)35 (35)22 (22)8 (8)		13 (26)24 (48)10 (20)3 (6)
Ethnicity   White British/Other White   Asian/Asian British/Other Asian   Other ethnic group   Missing	94 (95)2 (2)03 (3)		47 (94)1 (2)1 (2)1 (2)
Marital status   Married / living together   Single/divorced /separated/widowed	72 (73)27 (27)		38 (76)12 (24)
 






Table 2. Carer and patient distress (DASS) at baseline (Time 0) and one year follow up (Time 1) in the ECHO and TAU groups.
	BaselineTime 0	12 months follow upTime 1				
	M (SD)	M (SD)		t	p	d.
ECHO group (n = 99)						
Carer distress	34.56 (26.90)	31.84 (24.62)		.784	.435	0.12
Patient distress	62.50 (30.88 )	49.82 (31.82)		3.659	.000	0.38
TAU group (n = 50)						
Carer distress	29.28 (18.10)	32.46 (29.01)		-.589	.559	-0.13
Patient distress	72.20 (29.00)	52.92 (32.67)		3.381	.002	0.62















Table 3. APIM analysis for carer’ and patients’ distress at baseline (Time 0) and 1 year follow-up (Time 1) by treatment group.

APIM parameters	ECHO group		TAU group
	b (β)	SE	t	p		b (β)	SE	t	p
Actor effects									
Carer distress T0  Carer distress T1	.395 (.428)	.101	3.903	.000		.774 (.492)	.204	3.799	.000
Patient distress T0  Patient distress T1	.484 (.469)	.105	4.603	.000		.600 (.518)	.211	2.852	.004
Patient BMI T0  Patient distress T1	1.707 (.125)	1.365	1.251	.211		1.610 (.098)	2.752	.585	.558
Duration of illness T0  Patient distress T1	-.290 (-.204)	.159	-1.825	.068		-.266 (-.180)	.296	-.900	.368
Patient Age T0  Patient distress T1	.630 (.042)	1.671	.377	.706		2.195 (.140)	3.191	.688	.491
Partner effects									
Carer distress T0  Patient distress T1	.200 (.169)	.115	1.728	.084		.048 (.026)	.294	.165	.869
Patient distress T0  Carer distress T1	.124 (.154)	.084	1.487	.137		.281 (.285)	.130	2.160	.031
Patient BMI T0  Carer distress T1	-.653 (-.061)	1.097	-.595	.552		2.673 (.191)	1.738	1.538	.124
Duration of illness T0  Carer distress T1	-.009 (-.008)	.133	-.064	.949		-.123 (-.098)	.228	-.541	.589
Patient Age T0  Carer distress T1	-1.360 (-.117)	1.327	-1.025	.305		.324 (.024)	2.168	.150	.881







